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Kinematical studies of the glass transition
in glassy Sego_,Te,,Sb,*
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The present paper reports kinematic studies of the glass transition in glassy Segg_xTe2Sby
alloys using the differential scanning calorimetric technique. The glass transition
temperature (Tg) is found to increase monotonically with the heating rate. Ty also increases
with the increase of Sb concentration in ternary Segg_,TeyoSb, system. From the heating
rate dependence of glass transition temperature, the activation energy (AE;) for the
relaxation time controlling the structural enthalpy, is calculated. The composition
dependence of Ty and AE; is discussed in terms of the structure of the Se-Te-Sb glassy
system. © 2000 Kluwer Academic Publishers

1. Introduction the system and hence leads to a deeper penetration of
Chalcogenide glasses have attracted a great deal of dhe localized state into the energy gap.
tention because of their technical importance in var- The present paper reports the kinematic studies of
ious solid state devices. It is well known [1-4] that glass transition in Sg_xTexeSh, alloys using DSC
thermal relaxation occurs in a glassy substance foltechnigue with a view to understand the thermal relax-
lowing an instantaneous change in temperature (durtion phenomenain these glasses. From the heating rate
ing the quenching process), as it relaxes from a statdependence of glass transition temperature, the activa-
of higher enthalpy towards an metastable equilibriumtion energy of molecular motions and rearrangement
state of lower enthalpy. This type of thermal relaxationnear glass transition temperatufgis calculated and
depends upon the annealing temperature and may s composition dependence is discussed in terms of the
quite fast near the glass transition temperature. Thetructure of Sg »TexeSh.
glass transition is exhibited in Differential Thermal
Analyser (DTA) or Differential Scanning Calorimetry
(DSC) traces as an endothermic peak or a shift in the
base line due to a change in specific heat. Howeve2. Experimental
in chalcogenide glasses, such an endothermic peak c&lassy alloys of S& _xTexoSh, wherex = 0, 5, 10, 15
also be observed due to a fast change in enthalpy whemave been prepared by a quenching technique. High pu-
the glassy system relaxes quickly due to a decrease ity materials (5N pure) Se, Te and Sb in appropriate
viscosity at the glass transition temperature. DTA oratomic percent were weighed and sealed in quartz am-
DSC techniques can, therefore, be quite useful in th@oules (Length= 5 cm and internal diametef 8 mm)
study of thermal relaxation in glasses. in a vacuum of 102 Pascal. The sealed ampoules were
Among chalcogenide glasses, Se-Te alloys havé&eptinside the furnace at 60C (The temp. was raised
gained much importance because of their higher photaat a rate of 3 to 4 K/min) for 10-12 h and rocked fre-
sensitivity, greater hardness, higher crystallization temeuently to make the melt homogeneous. The quench-
perature, and smaller aging effects as compared to puiag was done in the water. Glasses thus prepared were
Se glass. The effect of incorporation of Sb on the elecground to make a fine powder for DSC studies. In DSC,
trical properties of these alloys has been studied by varithe sample is heated at constant rate and the changes
ous workers [5—10]. Ingeneral, itis observed that the dén heat flow with respect to an empty reference pan
conductivity increases, the activation energy for dc conwere measured. The samples were kept at room tem-
duction decreases, the thermoelectric power decreasgsrature 300 K) in dark for about one month for the
and the photoconductive decay becomes slower on imttainment of thermodynamic equilibrium as stressed
corporation of Sb to the binary &dey alloy. To ex- by Abkowitz [1] in chalcogenide glasses.
plain the above results it is generally assumed that the DSC 2910 Differential Scanning Calorimeter (T.A.
addition of Sb in the Se-Te system leads to a crossinstrument, USA) was used at four different heating
linking of Se-Te chains which enhances the disorder irrates 5, 10, 15 and 2@/min for the above studies.
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3. Results mic peaks occur. Such values are given in Table | and
Figs 1-4 show typical DSC thermograms at differentplotted in Fig. 5. Table | shows that the valuelgfat a
heating rates in glassy alloy &exTexoSh (x=0, 5, particular heating rate increases with the increase of Sb
10 and 15). These figures indicate that well definedconcentration in Sg_xTexeShy (x = 0, 5, 10 and 15)
endothermic peaks are observed at the glass transitiaglassy system.

temperature Tg) rather than a shift in the base line. The heating rate dependence of the glass transition
At higher temperatures, a exothermic peak was alstemperature in chalcogenide glasses is interpreted in
observed which represents the crystallization temperterms of thermal relaxation phenomena. In this ki-
ature {T¢). It also indicated thaly and T¢ both shift  netic interpretation the enthalpy at a particular temper-
to higher temperatures as the heating rate is increasedure and timeH (T, t) of the glassy system, after an
from 5 to 20°C/min. The values of at different heat-  instantaneous isobaric change in temperature, relaxes
ing rates for various glassy alloys are noted from thasothermally towards a new equilibrium valli&(T).
DSC traces, i.e., the temperatures at which endotherfFhe relaxation equation can be written in the following
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Figure 1 DSC thermograms at different heating rates afo$exo.
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Figure 2 DSC thermograms at different heating rates ofs$e,oShs.
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Figure 3 DSC thermograms at different heating rates ofo$e,0Shyo.
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Figure 4 DSC thermograms at different heating rates afs$e;oShys.
TABLE | The values of glass transition temperatuig)(in °C in form [5]:
Sao_x TexoShy (x =0, 5, 10 and 15) at different heating rates
- §H (H — Ho) L
Heating rates St T - T @
Samples 5C/min 10°C/min 15°C/min 20°C/min .
wheret is a temperature dependent structural relax-
SesoTexo 63.8°C 68.0°C 69.3°C 71.1°C ation time and is given by the following relation
SeysTexeShs 71.5°C 74.9°C 77.3°C 80.0°C
SeyoTexpShio 74.6°C 74.6°C 80.6°C 82.0°C —A Et
SessTexShis  79.3°C 82.1°C 86.0°C 88.7°C T = T9exp RT exp[-c(H — Ho)] (2)
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365 I Segs TepnShyg TABLE Il Composition dependence of the activation energy of re-
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Figure 5 Variation of glass transition temperatufig)with heating rates 18-
(B) in Sao_x TexpShy (x =0, 5, 10 and 15).
16} o)
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whererg andc are constants and E; is the activation 270 215 280 2on 2% a9m 300
energy of relaxation time. Using the above equations, 0%/ 1q (k) —>

it can be shown that

Figure 6 Heating rate dependence of glass transition temperature by a

ding —AE; plot of In 8 vs. 16/ Tg.

= 3)

1\ R
(7)
g the system Sg _xTexpShe (x = 0, 5, 10 and 15) in-
Equation 3 states that f1vs. /Ty plot should be creases linearly with increasing Sb concentration as
straight line and the activation energy envolved in theShown in Fig. 8 and follows a relation:
molecular motions and rearrangements aroligidan
be calculated from the slope of this plot. InTg=aZ+b 4)
Fig. 6 shows IrB vs. 100Q Ty curves for various o
glassy alloys in S@_,TexxSh, system. In the present whereZ denotes the average coordination number [13]
case such plots are straight lines and the valugsif ~ Per atom (calculated in terms of covalent bonding).
are calculated from the slopes of the curves shown ifFquation 4 is similar to the empirical relation proposed
Fig. 6. by Tanaka [14]. The constamd™is positive showing
The results of these calculations are given in Table 11 the increase offy with Z. The atomic percentage of
These results show that E; first decreases and then Sb atom has also been marked in Fig. 8. The results

increases with an increase of Sb concentration (Se@btained from Fig. 8 are quite consistent with the ex-
Fig. 7). perimental data.

The increasing trend dffy with increasing Sb impu-
rity in our system may be explained by considering the
4. Discussion structural change due to the introduction of Sb atoms.
The glass transition temperaturg) of chalcogenide Glassy Se shows both chain and ring structures [15].
glasses shows coordination number dependence [11] An introduction of Te decreases the Se ring concen-
which in turn depends on the percentage of the subtration favouring Se-Te mixed rings. A slight increase
stituent atom [12]. The glass transition temperature ofn polymeric chain of Se is also observed. Sb which
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HenceTg increases with increasing Sb concentration.

Conclusion
lass transition temperature has been determined from

DSC scans at different heating rates in four glassy sam-
ples in Sgo_x TexoShy system. In all the glassy alloys,
Tgincreases monotonically with the increase of heating
rate. The activation energy[E;] of molecular motions

and rearrangements around glass transition temperature

determined from the heating rate dependencg,of
E: is found to be composition dependefy.also in-
eases on the addition of Sb to binarg§ex alloy.
correlation of Ty with the increase in coordination

Co-ordination Number (z) —> number is established. The increasdjrs explained

Figure 7 Composition dependence of the activation energy for thermalll

terms of the cross-linked structure in Se-Te-Sb sys-

relaxation AEy). tem [15].
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